Increasing evidence has revealed that the surface characteristics of biomaterials, such as chemical composition, stiffness, and topography, especially nanotopography, significantly influence cell growth and differentiation. In this study, we examined the effect of surface biomimetic apatite nanostructure of a new hydroxyapatite-coated genipin-chitosan conjugation scaffold (HGCCS) on cell shape, cytoskeleton organization, and osteogenic differentiation of rat bone marrow-derived mesenchymal stem cells in vitro. Cell shape and cytoskeleton organization showed significant differences between cells cultured on genipin-cross-linked chitosan framework and those cultured on HGCCS with surface apatite network-like nanostructure after 7 days of incubation in the osteogenic medium. The result of specific alkaline phosphatase activity as an indicator of osteogenic differentiation showed that the alkaline phosphatase activity of rat bone marrow-derived mesenchymal stem cells was higher on HGCCS. Based on quantitative real-time polymerase chain reaction, HGCCS induced highest mRNA expression of osteogenic differentiation makers, runt-related transcription factor 2 by 7 days, osteopontin by 7 days, and osteocalcin by 14 days, respectively. The enhanced ability of cells on HGCCS to produce mineralized extracellular matrix and nodules was also assessed on day 14 with Alizarin red staining. The results of this study suggest that the surface biomimetic apatite nanostructure of HGCCS is a critical signal cue to promoting osteogenic differentiation in vitro. These findings open a new research avenue to controlling stem cell lineage commitment and provide a promising scaffold for bone tissue engineering.
Introduction

B
one tissue engineering has been regarded as an important strategy to repair and regenerate bone tissue through combinations of (osteoblasts or mesenchymal stem cells), bone scaffolds, and biologically active molecules (insulin-like growth factors, transforming growth factor-bs, and bone morphogenetic proteins).
1,2 Bone marrow-derived mesenchymal stem cells (BMSCs) isolated from bone marrow have attracted particular attention in bone tissue engineering because of self-renew and high differentiation potential. 3, 4 In general, scaffolds do not participate in implanted stem cell lineage commitment. However, recent studies have indicated that the surface characteristics of biomaterials, including chemical composition, roughness, and topography, especially nanotopography, can profoundly affected cell functions. [5] [6] [7] [8] Thus, understanding and controlling BMSCs behavior and response to surface characteristics of scaffold are significant for the application of BMSCs in bone regeneration.
Until now, nanotopography has been considered in twodimensional construct designs and three-dimensional (3D) nanofiber-structured models. 6, [9] [10] [11] Although studies have examined BMSC differentiation into osteoblasts with growth factors in different kinds of scaffolds, few researches have considered the effect of veridical 3D scaffold with special surface nanostructure on osteogenic differentiation of BMSCs, which may be more practical significance for bone tissue engineering.
To avoid the formation of fibrous encapsulation and enhance the bone-bonding ability of artificial materials implanted into bone defects, biomimetic mineralization methods involving coating a layer of apatite with a higher nanotextured and flake-like structure by immersion of material substrates in simulated body fluid (SBF) with ion concentrations nearly equal to those of human blood plasma have been developed by Kokubo et al. [12] [13] [14] Similarly, assembly of a layer of biomimetic apatite nanostructure throughout a 3D porous bone tissue engineering scaffold, such as biodegradable polymer/hydroxyapatite (HAp) composites, represents a practical method of controlling surface chemistry and geometry within a large and complex structure. [15] [16] [17] [18] The surface geometry and nanotopography of apatite-based scaffolds also provide an important cue for BMSCs to sense, transduce, and respond through local forces that may or may not promote osteogenic commitment of BMSCs.
Increasing evidence has revealed that synthetically nanofabricated topography can also regulate cell functions, such as cell shape, migration, proliferation, and lineage specification through mechanotransduction pathways. 19, 20 A question that arises from these results is how signals from nanoscale structure are transduced into biochemical signals that can in turn regulate, synergize, and modulate signaling cascades. As of now, there is no clear answer, but evidence suggests that cytoskeletal tension, RhoA/ROCK, AU2 c and several classes of ion channels in the transient receptor and potential family of cation channels play a significant role in the regulation of stem cell response to mechanical factors. 21, 22 In our previous study, using a nontoxic cross-linker (genipin) and a nano-crystallon-induced biomimetic mineralization method, we successfully assembled a HAp nano-network structure on a chitosan/nano-HAp composite framework. Unlike the other bone tissue scaffolds, HAp-coated genipinchitosan conjugation scaffold (HGCCS) possesses fluorescent properties that provide effective ways for imaging the scaffold-cell interface, tracing adhesion, migration, and proliferation of cells by a confocal laser scanning microscope. In this study, based on potential 3D porous HGCCS, we compared cell morphology, cytoskeleton organization, and osteogenic differentiation of rat BMSCs on genipin-chitosan conjugation scaffold with and without surface HAp nanostructure in the same culture conditions.
Materials and Methods
Preparation of genipin-cross-linked chitosan framework and chitosan/nano-HAp composite framework Genipin-cross-linked chitosan framework (GCF) was prepared including two steps: cross linkage and freeze-drying. Briefly, 1 g chitosan was dissolved overnight in 20 mL acetic acid (2 vol.%) to obtain a 2 wt% chitosan solution, and then 100 mL ethanol containing 0.005 g genipin with a mass ratio of chitosan/genipin = 200:1 was added for crosslinking reaction of 12 h. Subsequently, the genipin cross-linked chitosan gel was frozen at -80°C for 5 h and once lyophilized at -50°C for 48 h to obtain a genipin cross-linked chitosan framework. The resulting framework was neutralized using a 0.1 M sodium hydroxide solution.
The preparation of the genipin cross-linked chitosan/ nano-HAp composite framework was similar to that of the genipin cross-linked chitosan framework as described above. To obtain a genipin cross-linked chitosan/nano-HAp composite framework, 0.5 g nano-HAp powder (the mass ratio of chitosan and nano-HAp with 2:1) was blended into chitosan solution with vigorous stirring for 24 h, before cross-linked by genipin and lyophilized. Then, the obtained framework was neutralized using a 0.1 M sodium hydroxide solution.
Biomimetic mineralization for construction of HGCCS
SBF was prepared in accordance with Kokubo's method. 12 The ion concentrations (mM) are as follows: Na The genipin cross-linked chitosan/nano-HAp composite framework was cut into discs with 15 mm in diameter and 2 mm thickness, and then the discs were soaked in 1 L SBF in an incubation box at 37°C for 8 days to obtain HGCCS. Finally, the HGCCS was washed with deionized H 2 O, frozen at -80°C, and lyophilized at -50°C for 6 h.
Rat BMSC isolation and culture
Rat BMSCs were isolated from femurs and tibias of 30-day-old neonatal male Wista rats procured from Animal Experimental Center of Shandong University ( Jinan, China) with a modified method originally described by Pittenger et al. 23 The cells were cultured in vitro using Dulbecco's modified Eagle's medium (low glucose) supplemented with 1% penicillin-streptomycin at 37°C, 5% CO 2 , and 95% of humidity. Rat BMSCs were phenotypically characterized by the method published by Wang et al. 24 Cells were seeded on scaffolds after three passages (2 days for passage 1).
Cell culture on disc-like samples
All the disc-like samples were sterilized by immersing in 75% ethanol for 30 min, exposed to UV radiation for 30 min on each side, and then washed thrice in sterile phosphatebuffered saline (PBS, pH 7.4). Subsequently, 2.0 · 10 5 rat BMSCs were seeded on each disc and cultured in the osteogenic medium (a regular medium described above plus 10 mm b-glycerol phosphate and 50 mg/mL l-ascorbic acid [Sigma]) up to 14 days. The culture medium was changed every 3 days.
Evaluation of shape and cytoskeleton organization
After 7 days of culture, the cell-seeded discs (n = 2) were removed from culture and gently washed with PBS. Cells on discs were immobilized with 2.5% glutaraldehyde in PBS for 30 min at 4°C. After removing the fixative, the disks were subsequently gently washed in PBS and distilled water. These samples were subjected to sequential dehydration for 10 min each with ethanol series (30%, 50%, 70%, 85%, 90%, 95%, and 100%). Further, samples were allowed to dry for a day and observed under a field emission scanning electron microscope (Hitachi, S-4800) for cell adhesion and morphology. All samples were observed at 3 kV accelerating voltage.
For immunofluorescence measurements of F-actin, the cell-loaded samples cultured for 7 days were fixed with 3.7% formaldehyde solution for 10 min and then extracted with 0.1% Triton X-100 (Sigma) for 5 min and blocked with PBS containing 1% bovine serum albumin (Sigma) for 30 min. The samples were then stained with phalloidin conjugated to Alexa Fluor 488 (Invitrogen) and examined at excitation wavelengths of 488 and 633 nm.
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Total intracellular protein content and alkaline phosphatase activity
After cultivation on two kinds of scaffolds for 3, 7, and 14 days, the total amount of intracellular protein content was measured using a BCA protein assay kit (Pierce). To release the intracellular protein, the adhered cells on the scaffolds were lysed by 0.1% Triton X-100 (Sigma) and processed through three freeze-thaw cycles ( -70°C and room temperature, 45 min for each cycle). The absorbance of the reaction solution was measured using a spectrophotometer at a wavelength of 570 nm. The absorbance data were converted to the amount of intracellular protein conduct using an albumin standard curve.
Alkaline phosphatase (ALP) activity was determined by incubation with p-nitrophenyl phosphate (Sigma) and measuring the conversion to pnitrophenol after 30 min. The absorbance of the reaction solution was measured at 405 nm using a microplate reader (Bio-Rad), and then was converted to concentration by a standard dilution series of p-nitrophenol with a 1 U (active unit) equivalent to 1 g product of pnitrophenol. All the data were normalized for total protein content by dividing the amount of ALP of cells on different scaffolds. Six parallel replicates for each scaffold were analyzed.
Total RNA extraction
The differential gene expression of rat BMSCs cultured on GCF and HGCCS was investigated by RNA extraction followed by real-time polymerase chain reaction (RT-PCR). After 3, 7, and 14 days, cells on scaffolds were digested by trypsin and washed from samples with PBS (pH 7.4). The resulting cell suspension was centrifuged for 3 min at 3000 rpm. The supernatant was removed and the cells were lysed with TRIZOL Reagent (Invitrogen) by repetitive pipetting. Through a series of phase seperation, RNA precipitation, RNA wash, and dissolving of RNA in DEPC-treated water, the total RNA content of cells on scaffolds was obtained. The total RNA concentration, purity, and integrity was determined using a spectrophotometer at 260/280 nm and agarose gel electrophoresis.
cDNA synthesis and quantitative RT-PCR
Using the High Capacity cDNA Archive Kit (Applied Biosystems) total RNA from each sample was reverse transcribed to complementary DNA (cDNA). RT-PCR analysis was performed for one housekeeping gene, glyceraldehyde-3-phosphate (GAPDH), and three genes of interest, runt-related transcription factor 2 (Runx2), osteopontin (OPN), and osteocalcin (OCN). Sequences of forward and reverse primers for tested genes were as description as follows: 5¢-AATGCCTCCGCTGTTATG-3¢ and 5¢-TTCTGTCTGTGCCT TCTTG-3¢ for Runx2; 5¢-AAGCCCAGCGACTCTGAGTCT-3¢ and 5¢-CCGGAGTCTATTCACCACCTTACT-3¢ for OCN; 5¢-TCCTGTCTCCCGGTGAAAGT-3¢ and 5¢-GGCTACAGCAT CTGAGTGTTTGC-3¢ for OPN; 5¢-GCCTCGTCTCATAGAC AAGATGGT-3¢ and 5¢-GAAGGCAGCCCTGGTAACC-3¢ for GAPDH.
RT-PCR was performed in the iCycler (Bio-Rad) using SYBR green detection and three replicates were analyzed for each reaction. PCR products were subjected to a melting curve analysis on the iCycler and subsequently 2% agarose gel electrophoresis to confirm amplification specificity, Tm, and amplicon size, respectively. The relative quantification of gene expression was analyzed using the comparative C t method. 25 The fold of the relative change in target gene expression, normalized to GAPDH and relative to the expression on day 3 from genipin-cross-linked chitosan sample, was calculated for each sample using the 2
DDCt method, where DDC t = (C t ,Target -C t ,GAPDH)Day X -(C t ,Chitosan -C t ,GAPDH)Day 3.
Alizarin red staining for mineralization
Alizarin red staining is a common histochemical technique used to identify calcium in tissue sections. After cultivation on GCF and HGCCS for 7 and 14 days, the cell-seeded discs were washed twice with PBS. The cells with adherent mineralized nodules were removed from the scaffolds with trypsin-EDTA, fixed in 70% ethanol, and stained with 1% alizarin red S (pH 4.2) for 2 min. After rinsing with distilled water and centrifuged thrice to remove the nonspecific stain, the samples were viewed under the light microscope. This was done because apatite had been incorporated in HGSSC, making it difficult to observe the true result, and it has been found to be an effective method.
26,27
Statistics analysis
The statistical analyses of all experimental data were performed using SPSS version 11.0 (SPSS, Inc.). Data were reported as means -standard deviations. Statistical comparisons were performed by ANOVA for multiple comparisons, and statistical significance was accepted at p < 0.05.
Results
Cell shape and cytoskeleton organization b F1 Figure 1 shows SEM images of GCF and HGCCS, as well as rat BMSCs cultured on these two kinds of scaffolds for 7 days. The GCF is a macroporous structure with 3D interconnected channels (Fig. 1a) . The average diameter of the channel is about 150 mm, and the thickness of the channel wall is about 5 mm. The surface of the channel of GCF, composed by genipin-cross-linked chitosan, is clean and smooth. The HGCCS is of similar macroporous structure with about 150 mm 3D interconnected channels (Fig. 1b) . However, comparing with GCF, the channel surface of HGCCS is completely covered with a uniform and continuous 3D interconnected hydroxyapitate nano-network with *150 nm pore diameter and *20 nm wall thickness (inset of Fig. 1b) . The different surface structures of the two kinds of scaffolds causes a significant difference in the morphology of rat BMSCs cultured on GCF and HGCCS. On GCF, the vast majority of rat BMSCs adhere, spread, exhibit an increasingly spindle morphology, and appear confluent (Fig.  1c) . From the high magnification image (Fig. 1d) , we can observe that rat BMSCs display branched and fibroblast-like shape, and possess the typical phenotype of BMSCs. 28 In contrast, the shape of BMSCs on the surface of interconnected HAp network of HGCCS is notably different: the polygonal shape of rat BMSCs looks like osteoblasts phenotype (Fig. 1e, f) . 29 
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The confocal laser scanning microscopy images of adhesion and cytoskeleton organization of rat BMSCs cultured on GCF and HGCCS are clearly shown in F2 c Figure 2 . The images were obtained by merging the fluorescent image of F-actin of rat BMSCs at excitation wavelength of 488 nm, and the fluorescent image of the 3D scaffold at excitation wavelength of 633 nm. Unlike other chitosan-based bone tissue scaffolds, 30 the fluorescent properties of genipin-crosss-linked chitosan show promise for applications of scaffold image and tracing, and observation for cell-biomaterial interplay.
From Figure 2 we can observe that rat BMSCs exhibit good adhesion with the interconnected channels of 3D porous GCF and HGCCS. Differences of cytoskeletal organization on GCF and HGCCS are also displayed in Figure 2 .
F-actin appears diffuse on GCF in comparison to its more organized presentation on HGCCS. Similar to the results from SEM, rat BMSCs on GCF exhibit a spindle shape and fibroblast-like phenotype. In contrast, rat BMSCs are rounded and produce more protrusions on networked HAp nanostructures of HGCCS.
ALP activity
The comparison of the shape and cytoskeletal organization of rat BMSCs on GCF and HGCCS during cultivation suggests that there is a stronger differentiation tendency of BMSCs on HGCCS than on GCF. ALP is a well-defined marker for osteogenesis and is assumed to reflect the degree of differentiation. The ALP activity, normalized to total protein concentration, is plotted in F3 c Figure 3 . For GCF and HGCCS, ALP activity, measured for up to 14 days, peaked after 3 days of cultivation. Rat BMSCs on HGCCS presented much higher ALP activity than for BMSCs on GCF on days 3 and 7, respectively ( p < 0.05). On day 14, there was no significant difference ( p = 0.375) in ALP activity between GCF and HGCCS.
RT-PCR analysis for osteogenic gene expression
Runx2 is a key transcription factor regulating a number of other genes involved in osteoblast differentiation and bone development. 31 In addition, bone extracellular matrix proteins OPN and OCN have important functions during embryonic osteogenesis and are active in the bone remodeling process. Subsequently, these proteins are commonly used as markers for osteogenesis in vitro and in vivo. 32, 33 The expression of osteogenic markers Runx2, OPN, and OCN in rat BMSCs cultured in the osteogenic medium on GCF and HGCCS was determined on day 3, 7, and 14 by RT-PCR ( F4 c Compared to BMSCs cultured on GCF, the Runx2 and OPN mRNA level is significantly higher on days 3 and 7. However, on day 14 the Runx2 and OPN expression has declined for BMSCs cultured on GCF and HGCCS with more significant decline occurring for HGCCS. After 3 days of cultivation, the OCN expression is higher for GCF, but by day 7 there is no significant difference between OCN expression of BMSCs cultured on GCF compared to HGCCS. However, on day 14 the OCN mRNA level is upregulated by   FIG. 3 . Alkaline phosphatase activity of rat BMSCs measured through 14 days of culture on GCF and HGCCS. Data were normalized for total protein content to account for the effect of different number of cells on each sample. Data are presented as mean -standard deviation (n = 6). *p < 0.05, HGCCS versus GCF.
FIG. 4.
Real-time polymerase chain reaction (RT-PCR) results of runt-related transcription factor 2, osteocalcin, and osteopontin gene expression. The fold of the relative change in target gene expression was normalized to GAPDH expression on day 3 from the sample of GCF. Each sample was calculated using the 2 DDCt method. Rat BMSCs on GCF and HGCCS were cultivated for 3, 7, and 14 days (n = 3 for each sample). Data are presented as mean -standard deviation.
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twofold for BMSCs cultured on HGCCS than compared with GCF.
Evidence of mineralization activity
As well as supporting the induction of mineralization, the cells with adherent mineralized nodules were removed from GCF and HGCCS by trypsinization and stained with alizarin red to exhibit histological evidence of calcium deposits, as shown in F6 c Figure 6 . On day 7, no alizarin red staining was observed for GCF, indicating the absence of calcium deposition and mineralization (Fig. 6a) . In contrast, negative and faint staining with alizarin red was seen for HGCCS (Fig. 6b) . For the longer time period of 14 days, positive alizarin red staining for mineralized extracellular matrix and nodules were observed for GCF (Fig. 6c) and HGCCS (Fig. 6d) . However, compared with GCF, HGCCS exhibited more intense and heavy staining on day 14.
Discussion
Recently, with increased knowledge of the interactions of stem cells with biomaterial surfaces, tissue engineering is becoming increasingly oriented toward designing and engineering biomaterial surfaces that promote specific cellular phenotypes. Biomimetic mineralization approaches of assembling a nanostructured apatite layer throughout a 3D porous bone tissue engineering scaffold, that is, biodegradable polymer/HAp composites, have provided an effective tool for controlling surface chemistry and geometry within a large and complex structure. In the work presented in this article, we construct a HGCCS for bone tissue engineering through a nano-crystal-induced biomimetic mineralization method. A surface biomimetic apatite nano-network structure of HGCCS is used as a mineral model to describe the effect of surface characteristics as a signal cue on cell shape, cytoskeleton organization, and osteogenic differentiation of rat BMSCs in vitro. These charcteristics are compared with BMSCs cultured on GCF with smooth surface.
Cell shape is a potent regulator of cell growth and physiology, and many events related to embryonic development and stem cell differentiation are influenced by cell shape. 21 Previous studies have reported that changes in cell shape can regulate the degree of development of lineage-specific markers, or differentiation, in committed preadipocytes or preosteoblasts. 34, 35 In the present study the SEM results indicate differences in the surface characteristics of the channel walls of the two scaffolds studied (Fig. 1a, b) . The phenotypic expression of rat BMSCs as assessed with SEM showed that BMSCs maintained their intrinsic spindle phenotype on GCF (Fig. 1b, c) while adopting a polygonal shape on HGCCS (Fig. 1e, f) . These results were obtained under identical culture conditions, suggesting that the phenotypic differences are a result of the surface characteristics of the two scaffolds. Further, the change of cytoskeleton organization as seen in Figure 2 reflects rat BMSCs response to the surface microenvironment of scaffold. These responses may be a result of direct cell mechanotransduction induced by the nanonetwork structure on the channel wall, which in turn alters cellular gene expression profiles and signals differentiation of rat BMSCs. 19 Similar to the results of cell shape and cytoskeleton organization, rat BMSCs displays different ALP activity when cultured on GCF and HGCCS with BMSCs cultured on HAp nano-network structure of HGCCS exhibiting higher ALP activity. As ALP activity seems to be an early event in osteogenic differentiation, rat BMSCs cultured on GCF and HGCCS all present the highest activity on day 3. Recent studies demonstrated that synthetically nanofabricated structure can not only effect cell shape, adhesion, migration, and proliferation, but also influence b AU2 ROCK-mediated cytoskeletal tension, modulation of intracellular signaling pathways that regulate transcriptional level, and gene expression. 34, 37 RT-PCR analysis for osteogenic gene expression further indicates that the surface microenvironment of the scaffolds affects osteogenic differentiation. The highest Runx2, OPN, and OCN expression levels consistently resulted from BMSCs cultured on HGCCS. Compared with GCF, Runx2, OPN, and OCN expression was upregulated by 2-fold, 1.5-fold, and 2-fold for HGCCS on days 7 and 14, respectively. At a later stage, with the expression of OPN and OCN, HGCCS showed enhanced ability to support BMCSs to mineralize compared to GCF. Given the same culture conditions, the surface biomimetic apatite nanostructure of HGCCS seems more effective for promoting the osteogenic commitment of BMSCs than the GCF scaffolds.
It is generally recognized that ALP is a hydrolase enzyme responsible for removing phosphate groups from many types of molecules to generate free phosphates in the extracellular environment. These phosphates are in turn transported into the cells and participate in OPN regulation. [38] [39] [40] This explains why ALP activity in protein level peaked on day 3 for GCF and HGCCS, whereas the mRNA expression of OPN peaked on day 7. Upregulation of Cbfa1 (core binding factor alpha1)/Runx2 (an encoding gene transcrip-
FIG. 5.
After performing the quantitative RT-PCR, 2% agarose gel electrophoresis was applied to confirm that the quantitative RT-PCR result was reliable. GCF-3, GCF-7, and GCF-14: cultivation for GCF on days 3, 7, and 14; HGCCS-3, HGCCS-7, and HGCCS-14: cultivation for genipin-chitosan conjugation scaffold (HGCCS) on days 3, 7, and 14. GAPDH, *80 bp; osteocalcin (OCN), *75 bp; osteopontin (OPN), *80 bp; and runt-related transcription factor 2 (Runx2), *191 bp.
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tion factor for OCN) is also a positive indication of osteogenic differentiation because OCN is synthesized when the remodelling of the bone matrix is activated. 31, 41 In addition, OPN is a multifunctional phosphorylated glycoprotein secreted by osteoblasts at an early stage during bone development to facilitate attachment to the extracellular matrix. 42 Subsequently, the expression of OPN reached its highest level earlier than OCN.
Previous studies have suggested that cell shape can trigger human BMSCs commitment between adipocyte and osteoblast when RhoA signaling and cytoskeletal tension are intact. 43 Further, recent studies have indicated nanotopographic sensing and response correlate with spatial biasing of focal adhesion formation, preferential actin polymerization, and modulation of cell mechanical properties, in which the activation of small GTPases (including Rho, Rac, and Cdc42) play an important role. 20, 22 However, while BMSCs cultured on GCF and HGCCS display different surface morphologies, the greater mRNA expression of OPN and OCN as well as ALP activity on HGCCS, relative to GCF, might not be purely due to topography since the contributions of the local chemical microenvironment may affect mRNA expression. Importantly, while biomimetic mineralization approaches have became an effective route to control surface topography and chemistry within porous tissue engineering scaffolds, additional understanding of the interface interaction between surface apatite nanostructure and BMCSs is necessary. Understanding the biomolecular mechanisms by which nanostructured apatite induce osteogenic commitment may facilitate the engineering of the appropriate biomimetic microenvironments to accelerate osteogenic differentiation in vitro and bone tissue regeneration in vivo. Appreciating these molecular mechanisms may also inform the development of similar apatite nanostructures on polymer templates, such as collagen, PCL, and PMMA. 15, [44] [45] [46] Subsequently, the findings that HAp nano-network structure of HGCCS promotes osteogenic commitment of BMSCs has further implications on the field of osteogenesis.
Conclusions
Our studies have suggested that HGCCS with surface biomimetic nanostructured apatite significantly influence rat BMSC shape and cytoskeleton organization compared with the smooth surfaced GCF. Additionally, the results of ALP activity assays and RT-PCR confirmed that HGCCS induced higher ALP activity and mRNA expression of the osteogenic differentiation markers Runx2, OPN, and OCN in vitro. Further, compared with GCF in the same culture conditions, HGCCS exhibited enhanced ability to induce mineralization with regard to development of materials for bone regeneration. These phenotypic changes correlate well with the observed morphology and cytoskeletal organization differences of rat BMSCs cultured on the two scaffolds. This study supports the conclusion that the surface HAp nano-network structure of HGCCS acts as a critical signal cue promoting osteogenic differentiation in vitro. As a result, HGCCS is a promising scaffold for bone tissue engineering. would like to give their heartfelt thanks to Bryan Baker (School of Materials Science and Engineering, Goergia Institute of Technology) for his discussion and revision.
FIG. 6.
BMSCs with matrix mineralization recovered by trypsinization from GCF and HGCCS was assessed by alizarin red staining after cultivation for 7 days (a, b) and 14 days (c, d). Magnification · 100 for all images. Color images available online at www.liebertonline.com/ ten.
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